Polysaccharides in sweet corn cob may have many bioactivities. In this study, an efficient ultrasoundassisted extraction (UAE) technique has been developed to recover crude polysaccharides from sweet corn cob (SCCP). Ultrasound power was determined at 250 W based on the single factor test, extraction temperature (40 − 60℃), duration (30 − 60 min) and ratio of volume to weight (20 − 40 mL·g -1 ) were then chosen to further optimize extraction conditions by response surface methodology (RSM). The statistical analysis revealed that the optimal conditions to obtain the highest yield of SCCP were of 54.7℃, 42.8 min and 27.9 mL·g -1 , and the polysaccharide extraction yield (0.56%) obtained from optimized UAE proved its higher efficiency when compared with the conventional method. Also, the results showed that the extraction of polysaccharides followed first-order kinetics model well.
Introduction
Polysaccharides are polymeric carbohydrate structures, formed of repeating units joined together by glycosidic bonds. Much attention was cast on polysaccharide by biochemical and nutritional researchers due to their various biological activities, especially antioxidant, immunostimulatory, and antitumor effects Sun et al., 2010) . Sweet corn cob polysaccharides (SCCP) have attracted considerably attention in the fields of biochemistry and pharmacology because of their anticoagulant activities (Sun et al., 2006) .
Extraction of polysaccharides is an important processing for its application, and hot-water technology is the traditional extraction method for polysaccharides, and has been widely investigated (Sun et al., 2006; Jing et al., 2009) . Conventional techniques for extraction of SCCP have usually been based on use of heat and/or agitation to increase the solubility of the compounds and the rate of mass transfer, they usually require long extraction time and extraction efficiency is low. Ultrasound-assisted extraction (UAE) technology has been used for plant polysaccharide extraction (Zhong et al., 2010; Yang et al., 2008; Yang et al., 2011; Hromádková et al., 1999) and has been proved to a desirable method of extraction with many advantages, such as increasing extraction yield, reducing solvent usage, economizing power consumption and shortening extraction duration. The increase in extraction efficiency by ultrasound is attributed to the propagation of ultrasound pressure waves, and resulting cavitation phenomena (Sueli et al., 2008) . The energy generated from collapsing cavitational bubbles provides greater penetration of the solvent into the cellular material and increases mass transfer to and from interfaces . Even the ultrasonic treatment has so many advantages, so far, to the authors' knowledge, its effect on the UAE of sweet corn cob, is scare in scientific literature and also no study has been reported on optimization of UAE of SCCP.
The objective of this paper was to develop an economical and efficient extraction of SCCP using UAE technology, to investigate the effect of several parameters on polysaccharide yield, and to optimize extraction conditions by response surface methodology (RSM), its extraction kinetics was also preliminarily evaluated.
Materials and Methods
Materials Sweet corn cob was obtained from Engineering Research Center for Agricultural Products Processing in Jiangsu, Nanjing, Jiangsu province, China. Dried at 50℃ in a consisting of 17 experimental runs with five replicates at the centre point. The design variables were the extraction temperature (40 − 60℃; X 1 ), extraction duration (30 − 60 min; X 2 ) and ratio of volume to weight (20 − 40 mL·g -1 ; X 3 ).
Determination of SCCP As described previously, the polysaccharide content was measured by an anthronesulfuric acid method (Dong et al., 2003) . The polysaccharide yield (%) was calculated using the following equation:
Where C is the concentration of polysaccharide calculated from the calibrated regression equation based on the absorbance at 620 nm, mg·mL -1 ; N is the dilution multiple; V is the total volume of extraction solution, ml; W is the mass of sweet corn cob, g Infrared (IR) spectra analysis The IR spectra of polysaccharides were determined using a Fourier transform infrared spectrophotometer (Nexus 870 FT-IR, Thermo Nicolet, America).
Statistical analysis Data were expressed as mean ± standard deviation of three replicated determinations and all calculations were carried out with the help of Microsoft Office Excel 2003. One way of variance analysis was applied by "Design expert 7.1.3" software for determining the significant difference at p < 0.05 and very significant difference at p < 0.01. ventilated drying oven (101-A, Shanghai, China) and stored at ambient temperature in the dry environment. The samples were ground in grinding mill (FW100, Beijing, China) for 30 s. D-glucose was from National Institute for the Control of Pharmaceutical and Biological Products (NICPBP). All other reagents were of analytical grade.
UAE of crude polysaccharides from sweet corn cob The UAE was performed in an ultrasound cleaning bath with a working frequency of 40 kHz and the power of 250 W (KQ250-DB, Kunshan ultrasound instrument Co. Ltd., Jiangsu, China). The bath was a rectangular container (300mm × 240mm × 150mm) connected to a temperature-controlled bath. The dried powder of sweet corn cob (1.000 g) was extracted with ultrasound power 250 W according to the experimental design ( Table 1 ). The extract was concentrated under reduced pressure to a certain volume. The concentrated solution was deproteinized by the Sevag method according to He et al.(2006) for several times, then dialyzed (MW > 10000) against distilled water for 2 days. The crude polysaccharide fraction was obtained through precipitation, centrifugation, dried in vacuo, and washed successively with EtOH.
Box-Behnken design of experiments for response surface analysis Response Surface Methodology (RSM) is a collection of statistical and mathematical techniques useful for optimizing processes (Myers and Montgomery, 2002) , Box-Behnken design (BBD) is a type of response surface design. In this study, the RSM used a three-factor three-lever BBD J.-f. song et al. was more serious by the ultrasound energy (Vinatoru, 2001) . Ultrasound radiation could accelerate the extracting process and improve extraction of bioactive compounds. Simultaneously, the possible benefits of ultrasound in extraction are mass transfer intensification, cell disruption, improved penetration and capillary effects. The higher the ultrasound power was, the more solvent could enter cells and the more polysaccharide could permeate cell membranes, which suggested that increasing ultrasound power could enhance polysaccharide yield. However, in this experiment, the maximum ultrasound power of ultrasound device was 250 W that was chosen as the optimal parameter. Optimization of the procedure with RSM RSM could get a specific and deliberate conclusion to do comprehensive and scientific research through economical ways. According to Table 1 , seventeen tests were analyzed and multiple regression analysis of the experimental data gave the following second order polynomial equation:
A summary of the analysis of variance for the selected quadratic model is shown in Table 2 . The value of R (0.9971) and Adj-R (0.9934) being close to eq. (2) indicates a high degree of correlation ship between the observed and predicted values. The ANOVA of the regression model demonstrated that the model was highly significant, evident from the calculated F value (269.88) but a very low probability value (p < 0.0001). The model also shows statistically insignificant lack
Results and Analysis
The effect of different ultrasound power on the yield of SCCP In preliminary study, the effects of ultrasound power of 100, 150, 200 and 250 W on polysaccharide extraction were investigated. UAE was performed at a temperature of 50℃ and a ratio of volume to weight of 30 mL·g -1 for 45 min. Fig. 1 showed that the SCCP yield was influenced by ultrasound power. When the ultrasound power was raised from 100 to 250 W, the yield gradually increased from 490 to 530 mg/100g. Obviously, ultrasound power improved the polysaccharide yield well.
From the microcosmic point of view, with increase of ultrasound power, destruction of plant tissues and cell walls of fit, as is evident from the lower calculated F value than the tabulated F value even at 0.05 levels. It could be seen from this table two linear coefficients (X 1 , X 2 ), all quadratic terms and interactive terms (X 1 X 2 , X 1 X 3 ) were significant, the P values were very small. Response surface plots in Fig. 2(a) showed that the effects of temperature and duration were analyzed by keeping the ratio of solution to solid at the optimum value. It could be seen that the increase of SCCP yield with the increase in temperature, reached at a temperature of 55℃. The optimum value was obtained by the derivation of eq. (2) and by solving the inverse matrix, at the optimization level. The response surface plots in Fig. 2(b) , giving SCCP yield for as a function of temperature and the ratio of solution to solid at a fixed duration, showed that the polysaccharide yield increased with increasing of temperature and reaching at 55℃. Fig. 2(c) showed that X 1 = 50℃, with extraction duration 30 − 60 min and SCCP yield increased first and then slowly decreased, but was not noticeable, with the ratio of volume to weight 20 − 40 mL·g -1 , whereas the SCCP yield increased to reach at a time of 45 min for an optimal value, then deceased. Perhaps some substances which have dissolved in water could increase the solubility of SCCP. If the ratio of volume to weight was increased markedly, the concentrations of those substances dissolved in water would also decreased obviously, and the ability to increase the solubility of SCCP would also decreased distinctly, which resulted in a decreased extracting yield of SCCP.
The suitability of the model equation for predicting optimum response value (5.62 mg/g) was tested under the conditions: temperature 54.7℃, duration 42.8 min and ratio of volume to weight 27.9 mL·g -1 , a mean value of 5.64 ± 0.12 (N=5), obtained from real experiments, demonstrated the validation of the RSM model, indicating that the model was adequate for SCCP extraction.
Extraction kinetics and comparison of UAE vs. CE
First-order kinetics model has been proved to be useful for description of extraction of active components under ultrasonic treatment (Quan et al., 2005) . Generally, the equation for first-order kinetics model can be written as follows: ln [(C − C t )/C] = −kt, where t is the treatment time, C is the final concentration of substrate, C t is the concentration after treatment time t, and k is the rate constant. The extraction equations and related parameters for different treatments SCCP extracted from sweet corn cobs by UAE (55℃, 250 W, 43 min, 28 mL·g -1 ) and CE (idem except sonication) is shown on Fig. 4 . The SCCP obtained by UAE was significantly higher than by CE during 60 min. Due to mechanical effects on cell walls evidenced by scanning electron microscopy ; UAE permits higher extraction yield in shorter periods of time, thereby reducing the energy input. The yield is an important response factor were listed in Fig. 3 . All the correlation coefficients (R 2 values) were lager than 0.9, indicating that the ultrasonic extraction of polysaccharides followed first-order kinetics model well. Additionally, the k value of polysaccharide extraction at 250 W was 1.03, 1.08 and 1.23 times higher than that at 200, 150 and 100 W, respectively. This was in accordance with the changes of extraction percentages under different ultrasonic power. at 897cm -1 indicated that SCCP contained the β-glycosidic linkage. The results indicate that the UAE extract of sweet corn cob owns typical structure characteristics of polysaccharide.
Conclusions
The effects of experimental conditions such as ultrasound power, temperature, duration and the ratio of solution to solid on the yield of SCCP were optimized to make the optimal process reasonable. The optimum parameters for SCCP extraction through RSM are obtained: temperature 54.7℃, duration 42.8 min and ratio of volume to weight 27.9 mL·g -1 . The experimental conditions allow a fast and cost-saving process in extraction of polysaccharide from sweet corn cob. The further studies on the precise chemical structures and biological functions of SCCP are still being carried on in our lab.
for evaluating an extraction process. It was estimated to be 0.56% and 0.39% for UAE and CE, respectively. Extraction of SCCP was found 1.7 times as fast under ultrasounds (k = 0.02 (±0.001) min -1 ) abs in the conventional procedure (k = 0.012 (±0.002) min -1 ). This is consistent with UAE having a potential to extract natural products in better yield than conventional techniques, May not only at the lab-scale but also at the pilot-plant scale.
Infrared (IR) spectra analysis In order to preliminarily understand the polysaccharide structure, the SCCP sample (1 mg) obtained from optimum ultrasonic extraction process parameters was ground with spectroscopic grade potassium bromide (KBr) powder and then pressed into a 1 mm pellet for FT-IR measurement in the frequency range of 4000 − 400 cm -1 (Mid infrared region). The FT-IR spectra of SCCP are presented in Fig. 5 . SCCP showed IR absorbance band at 3383.6 cm -1 (Corresponding to the absorption due to stretching of the hydroxyl groups, -OH), 2933.3 cm -1 and 1376.4 cm -1 (Attributed to the C-H stretching and bending vibrations), 1735.1 cm -1 and 1250.3 cm -1 (The esterified carboxylic groups, -COOR), and 1637.8 cm -1 and 1415.2 cm -1 (The carboxylate anions groups, -COO-asymmetric and symmetric stretching). The 1200 − 950 cm -1 region is dominated by ring vibrations overlapped with stretching vibrations of (C-OH) side groups and the (C-O-C) glycosidic band vibration. SCCP rich in uronic acids showed intense peaks at 1150.4, 1078.7, and 1045.1 cm -1 . A hydration peak of polysaccharide 
